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N«©«^#J:y©33lfi«F^fl:S/>3K^/*WSffi*b n (k) (n=l,-, 
N) (kttJKffcWBfrlal) il, &Ty^-i-<D%mm-%r m (m = 1 , M) 

[b n (k> ] frzmiifemm^ymib' n (k) 



w ^ 



(k) fctmu 



H = 



H(o) H(Q-i) o 

o H(0) — H(Q-i) 



H(q) = 



h H (q) ••• h, N (q) 



h Mi(q) ••• h MN(q) 



B ' (k) = [ t> ' (k + Q- 1 ) - t> ' (k) - t> ' (k-Q+1) 



] 



) ] 



t> ' (k + q) = [b' 1 (k+q)b' 2 (k + q)-b' N (k+q 



q = Q — 1 Q + 1 q * 0 T? 

t> .' (k) = [b' 1 (k) -0-b' N (k) ] T q = 0T* 
( t> ' (k) (DmmWUitn&g) , Qtt#^m?S<3D q 
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j #2 0*0 1-2 5 8 1 6 1 

= 1, q, 1 i$mmft&]T*&z> 0 
zom^m^wttt - b ' (k) it&m^z y (k) #&hlsiss& 

h;i/ y ' (k) $:^it>. 

y (k) = [r T (k + Q-1 ) r T (k + Q- 2) ••• r T ( 

k) ] 

r* (k) = Crj_ (k) r 2 (k) - r* „ (k) ] T 
^fr^Z Ml/ y ' (k) tfir^iHt&I^T, */J^2*Sl« 
ttTH^** y ' (k) WOMf^&^StS n#B<B&f3«<fc U 

©SM^#tc*ff sJi/s^w w n (k) 

y ' (k) Sr±ffiJariS7-f w n (k) J: u y^)b^mt 

y (k) ft<D3«wm#tf>IS#M£bTa 2 i (a 2 

3 ] ^ -v * /i/ft £ i: ic U W.M ITf -y 

^MMH " &*§5£U ±fB»JS:7-f w' n (k) Z&&b2>mz. ^f8^ 
*h;i/y (k) W©*f^ffl)B^«tLt, ±SB^#^* h;i> y (k) , 

U" = S k=0 Tr (y (k)-M--B (k) ) • (y ( k ) — IHE 
• B (k) ) H 

B (k) = [ t> T (k + Q-1) - B T (k)-B T (k-Q+1) 
] T 

t> (k + q) = [bj (k + q) -b N (k + q)] T 
(q = -Q+ 1 — Q — 1 ) 
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^ 3 T:\ 



n 



(k) = ( 3HI " C3- (k) M * H +U * ) 



-1 



C3r (k) =diag [ID (k + Q- 1 ) - ID (k) - ID (k - Q+ 1 ) ] 



ID ( k + q ) =diag [ 1 - b ' 2 1 ( k + q ) 



1-b' 



1-b' % (k+q) ] 



q =Q- 1 



k+ q) ] 

m2] 



= diag [1 - b' \ (k + q) , 1, 
q = 0 



n 



(k+q) 



Q+ 1 , q *> 0, 



1-b' 



N 



h = 



H|,(Q-1) N+n 
^2.(Q-l)N^n 



H 



M,(Q-I) N+n 



I~I *i,(Q-i). N +n tt-tlBtf^IH: *<BlfT (Q-D N + n#fjfc# 
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±mmvMLmz, a 2 i (a 2 tt##;*#^©#fcn, i & 

[IM10] SM-^^Ml/y (k) WOUW^cO^^iJt^JU 
(k) £MvnT, 

U-=S k=0 Tr (y ( k ) - F-I ' • B (k) ) • (y (k) — IrL 
• B (k) ) H 

B (k) = [ t> T (k +Q- 1 ) - t> T (k) - t> T (k-Q+1) 
] T 

t> (k+q) = [b 1 (k + q) -b N (k+q)] ( q = - Q + 1 - 

Q- 1) 

b x (k + q) *^b N (k + q) ±mm&m^RT$±m&fribh-ztfffi%. 
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3fiN^8~l 0©Mn^{CfH«CD^-Y^;i/Jt^^ o 

[^CDM&M] 

[0 0 0 1] 

[»E©«*SSfi5#i5F] 

[0 0 0 2] 

Stbt#A*#EtiA (Multi-Input Mul ti-Output : M I M O ) */Z>7-J*ifi3b& 

i»j> mmm®L±T~i/ytf)vc l m ~c n cd &-£*i-£*iaH§u 

®^f§f§# y>7^# l~#MS:i^5MIMOff^t'gf U MI 

M03*«»tt*««#&»JaU #3"HMS l-SNClfi/i/^l/Cj (i) 
~c N (i) &f§5£LTm#3g^Ou t l~Ou t NlCgrj^lcm^J-rSo 
[0 0 0 3] 
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te«tf>jaifg*ig#M I MOSMicafJi'tS Q tftlli, M I 

MO^M#l©ftW*li2 (Q_1)N ©^tIc^^TU^va, SMIMtN, 

[0 0 0 4] 

c (i) ©«F-3ft#«F-Sfb# 1 IT'frfctU *0>^#flSffi;fr#>f>*y-Al 2 

*jti5Tg^S2 ojcs«an*. ^##§2 ot'iitAijiCffiA (sisots 

ingle-Input-Single -Output) ^ffcl* 2 1 IC J: U MMf& 
[0 0 0 5] 

J/>^rL— tf©tft-^06TfN= 1 ICfefcy, #^fBT>5^#m (m=l, 
2, •», M) tCfctt-Sgfeffl^W:, 

r m (k) = S q=Q Q_1 h m (q) • b (k-q + 1) +v m (k) (1) 

»>f , b (k-q+i) ttn-if cmmmi) ommssytfjv, v 

(2) ®^^h;i/i:lt^L, (3) 
r (k) = [r x (k) r 2 (k) - r M (k) , ] T (2) 
= ^ q=0 Q_1 M (q) • t> (k-q + 1) + v (k) (3) 

v (k) = [ Vl (k) v 2 (k) -v M (k) ] (4) 
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m (q) = C h x ( q ) 



h M (q) ] 



(5) 



[0 0 0 6] 

y(k) = [r T (k + Q-1) r* T ( k + Q - 2 ) - r T (k) ] T 



= t-I • t> (k) + n (k) 



[»3] 

H = 



H(0) - H(Q-i) o 
o H(o> ••• H(Q-i) 



(8) 



(6) 
(7) 



"b (k-q) = [b (k+Q-1) b (k + Q-2) - b (k-Q+1) ] T 

(9) 

n (k) = [ v T (k + Q-1) v T (k + Q- 2) -v T (k)] T 

(10) 

ITSiUc r (k) #«Mfc#2 1 KA#£*l, I©SISO^b§|2 1» 
»WT'feot, fls*mjj£:LX&ft^it¥v h {b (i) } tf+lT? 
1 "efeSflt^SO^fR^fcSitAj (LLR : Log-Li kel ihood 

Ratio) ifimmznz. 

[0 0 0 7] 
[»4] 



A,[b(k)] = log 



Pr[b(k) = +l|y(k)] 
Pr[b(k) = -I|y(k)] 



(H) 



= X 1 [b(k)] + X p 2 [b(k)] 



(12) 
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4#2 0 '0 1 -2 5 8 1 6 1 

t'^s/irt'^ [b (k) ] &wm(D&^2 Aiz&ibti&KBmm. x 2 
p [b (k) ] iz^itm2 liz^&bnzmmmmv&z,, nwatmitA l [b 

(k) ] lZWmmx 2 [b (k) ] ^if^2 2t'il$^ %.IZ?4>*V 
-A2 3 ^ITS I SO^V*J\s'&^2 4/\£y&£*l£ 0 i©t#^2 4 it 

[8 5] 

A2[b(')l = log ^bft) = +1 1 = 0,- - -,B - 1 

B : 7 U- — .A fie 
-X 2 [b(i)] + *?[b<i)] ' ( 14 > 



[b (i) ] *J ig UCDBRfCWfc* 2 1 tc A 2 p [b 
(k) ] £LT^;te>*lS*asfit?r?2>y, X x [b (k) ] ^t^2 4(C» 
«ffll«A 1 p [b (i) ] tLT^A^tl^o A 2 [b (i) ] tt«3S»2 5T? 
[b (i)] #1**3*1, >f>*U-A2 6&^LT#ffc#2 l&tf8*3¥» 

[0 0 0 8] 

&£t&«©*Mfc#2 i®#iiiibt^^ h;i/ y (k) izm-tmmyjfr 

t> ' (k) =tan h U 2 p [b (k) ] /2] (15) 

tiffin, fit, zm^x=f&mftH • t> 

' (k) £#£U g«te-*#&9r£3rr*. 

y ' (k) = y (k) - M • t> ' (k) (16) 
= PI • ( t> (k) - t> ' (k) ) + n (k) (17) 

fc> ' (k) = Cb' (k + Q- 1 ) -0-b' (k-Q+l)] T (18) 

ZftM~?z>o ik\z=F&m,ft<ny%v zwtMJ&7 J ft* w (k) ^«t©mms 
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E («/Jv^ 2 SUfS^) lit*«)5 0 
[0 0 0 9] 

w (k) =arg min || w H (k) • y ' (k) - b (k) || 2 (19) 
^ (19) ICfcyS/hfcfcS w (k) 

SATO w (k) : Daryl Reynolds and Xiaodong Wang, "Low 

Complexity Turbo-Equalization for Diversity Channels" (http:/ee. tamu.ed 
u/reynolds/ ) {ClB«$ *lT Vn£„ - h UTItW*<D^*S 

8!l3*tf&S. ^JfeCDML S EM^-3K(Dtm*«2 Q_1 ©^--^iCjrbMbTVAfc 
£>(C*fU 3tf)^&&Q 3 <2;f-**T*ffil*.'b*lTV^ 0 &£w H (k) • y 

' (k) im^2i©ffiijt'feot, zLti^^^! [b (k) ] mmztix 

[0010] 

*Mfc»2 1 iC^T^ft&S&fr^lCfci, 5£ (1) cfr<Z)^-v*;bA 0 9*-# ( 
[0011] 

3©3i:»MIMO^ff#(C|5S^-r, (RAKE) %m^T#7^J 

[0 0 12] 

mm &mm l <t e> ^ -t s mm] 
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• i/ytni=L-*? (—gommm) o^-m^v&s. 
uLTmALfr&Ati&mfj (mimo) %m-%&z%im-tz>z.£iz3bz> 0 

[0013] 

*v*jh*mmLt^m£.'&^mm£*m i )MLfi?%m*mz&^T. ttmm 
Mfinmftmmz&v^v*j];Mfe*mm&<ftoz£tfxgz^v*}\smfeji 

[0014] 

<vmmn^t*sytf)im<ifefti]b n (k) (n-i, n) i^itmwcm^ 
m) &T>?~t-<D&mm^r m (m=i, m) ^n&mm^&m 

vrnmibmitzzmL, ta>Bmmx 2 [b n (k) ] ^^mm^mmtyy^jv 

b' n (k) *V*)imh mn £mt!femmtsytfJlb' „ (k) £MVn 

t , n g <z) mmm £ >; co^«-^ e ^> tnste <z>*H§«i 

J^^OO^^CO^fi^-^JCioT^ejtl^^M^M • B' (k) ^itii 
[0 0 15] 



1 0 
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Eft 6] 



H = 



'H(O) " H(Q-i) o 
o H(0) ... H(Q-i) 



H(q) = 



hji(q) — h 1N (q) 
h Ml(q) h MN(q) 



B ' (k) = [ t> ' (k + Q- 1) - t> ' (k) ... t> ' (k-Q + 



1) ] 



fc> ' (k + q) = [b , 1 (k + q)b' 9 (k + q)-b' M (k+q 



) ] 



q = Q - 1 - Q + 1 



q # 0 T» 



t> ' (k) = [b' 1 (k) -O-b' N (k) ] 1 q = Ot 

= i, q, □ ' T tt««ff^j7?a&*. 

[0 0 16] 

:©BBf»H' B' (k) SfH^^h^y (k) fre>mi^3\i*m 
ftKV hJV y ' (k) fc##>. 



lit' y (k) = [ r T (k + Q-1) r- T (k + Q- 2) 



r T ( 



k) ] 



r> (k) = [r, (k) r 9 (k) 



^ff^#ic*ft-^.jl^7>r;i/^ w n (k) m$"<? hJ\s y ' (k) 



1 1 
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#2001—258161 

[0 0 17] 
[0 0 181 

mn&v\c 1 (i) -c„ ( i ) #*jft-£*i«F-*# 1 1 - 1 , ii -NT? 

11*13-1, 1 3 -N£JBH«*fcl,T#*&S*l, dtl^fHS^fCfcy 
^MM-^^i®StiT##b 1 (k) , b N (k) ULTmmZtiZo 

mm (*-v*/io *m.vx&A±}&&j3 (mi. mo) st#aHcg«3*i&5MM 

#r* (k) ttMIMOfflHM^3 1 \ZXti^n. r©f «3 1 ^P,Nf 
A x [b x (k) ] , Aj [b N (k) ] tfffij&StlS. Aj 

[b x (k) ] , a 1 [b N (k) ] it^n^nmmmm^ 1 ib 1 (k) 

], X x [b N (k) ] #«$|»2 2-1, 2 2 -NT?**l-ftl«l)tS 

ti, f*>f y* u -^23-1, 2 3 -N$:itDT«>cA*^ffi^ (siso) 

24-1, 2 4-Nfc*ft-?*lA:ft3*lTfc#3 

ft, *^»2 4-l, 2 4 -N^6^#«#^rjc' 1 (i) , c' N 

(i) ^ffi^$tl«5t^lC*f|gt*SJtA 2 [b 1 (i) ] , A 2 [b N (i 

) ] tf-en-enffi^sti*. a 2 [b 1 m ] , a 2 [b N en ] \%m 

H*2 5- 1, 25-NJCJ:ya. 1 [ b x (i) ] , a, j [b N (i) 

] ««-eti-?n*nta*i, hic, >r># y-A2 6 - 1, 2 6 -N&-eft-en 



1 2 
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j1CT^ 2 [b 1 (k) ] , X 2 [b N (k) ] tltMIMOffll^fl: 
^3 l&tf3Sir#2 2 - 1, 2 2-NC**X-?ft#|fr3ftS. 
[0 0 19] 

v;i/^rL-if (««5H««) fr&cjfii^r, (k) it. 



Q-1 



N 



... h mn Ca) ' b n (k-q + 1) +v m 
(k) (20) 

JlgT^^h;by (k) ^ItSh, 

y (k) = [ T (k + Q-1) r T (k + Q-2) - r T (k) 



] 



= H • B (k) + n (k) 



[»7] 



H = 



H(0) • H(Q-i) o 



0 



H(0) 



H(Q-l) 



(23) 



(2 1) 
(2 2) 



[0 0 2 0] 
[«8] 



H(q) = 



h H (q) h 1N (q) 



h Ml(q) ••• hMN(q) 



B (k) = [ t> 1 (k + Q-1 ) 



(24) 



t> T (k) 



t> x (k -Q+ 1 
) ] T (2 5) 

t> (k+q) = [bj (k+q) b 2 (k+q) -b N (k + q)] T 
q = Q-l, Q-2, — , -Q+l (26) 
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[0 0 2 1] 

e»(Cy (k) fr^l^fTbT^So 
[0 0 2 2] 

y' (k) = y ( k ) - t-I ■ B ' (k) (27) 
= 3HI • ( B (k)-B' (k) ) + tx (k) (28) 

B ' (k) = [ t> ' (k + Q- 1 ) - t> 7 (k) ••• t> ' (k-Q + 

1) ] T (2 9) 
L/T, 

t> ' (k-q) = [b'-j (k+q) b' 2 (k+q) -b' N ( k + q 

)] T q = Q-l, -Q+l, q*0 (30) 

t> ' (k) = [b' j (k) -0-b' „ (k) ] T q = 0 (3 1) 

t> ' (k) <Dmm^(D o w:n#B-e&$. 

b' n (k) l« (1 5) tmmiZb' n (k) =tan h U 2 [b n (k) ] 

/2] *tfi([br#ttfe*iRi)e5S#s/>^«i3e«"e**. 

[0 0 2 3] 

g©rL--tfM©^^ w n (k) B;T©S (3 2) w (k 

) &MMSE (*/h^2ill) ««5T?#ASo 

w n (k) =arg min || w n H (k) • y ' (k) -b„ (k) || 2 

(32) 

i^r<D^mtt/y^jv=L-if(Dm^tm-v^>^o o w n (k) 

SfflKw/ (k> • y' (k) feff-JfU ■*©«-$UgJK&7 £ >f U- 

[b n (i) ] fcl/T, «##§2 4 -nCAAlttf 
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[0 0 2 4] 

^_hrL-if 1 fre>N£T*J£Lt<Z>#?£T*7Y (j*«Mfrfb) &JS & #> T ^ < 
□ *<D3BJMMfc#3 lCDffi*3RttNfc*y, «.*©tt*#2 4-l, 24- 

I MO) M^\©JfcggT?fe*. 

r m (k) =^ q=0 Q_1 S n=l N h nm > * fe „ < k ~ > + v m < k 

) (3 3) 

W^h mn (q) (DmtJ4Xv m (k) (=a 2 ) Z.hT*2b 

U-A(B$&«>tc#AU K (8EfcH§-3) &hU--> 

<„ ^ft*;^fi2 4-l, 2 *©M»:fcl£JfcA 2 [ b : 

(i) ] , A 2 [b N (i) ] (Z)-e4^•rtl{cov^T, IE-e&*U£+ l 

i) , b N " (i) fcLTffl:fcU 3tl^b 1 " (i) , b N " (i) it 

J>*V-A2 7 - 1, 2 7 -N&3®t5Ti»»;jgL^^*A'«l3£»2 8JCA 
ij£#l£ 0 ^-v*;bfi^2 8lCtt^### r (k) ««A*Stl«i:«fC3.n 
KIB«9J2 9 K*«#flg^fcLTAiJS*lS 0 ^* 

;i/|£5£#S2 8«^tl^A^J$tlfe##tC^t5^. S (33) (Z)#h mn (q) a 

[0 0 2 5] 
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m&A 2 [b n (i) ] &Mv>T3*i#lE&*>+ l, 1 i:t-sri:ic«fc 

otff^So *©l£*<0#8t:£&JfcA 2 [b n (i) ] <3D#fi*fH^§v^«if 

[0 0 2 6] 

b' n (i) =tan h [A 2 [ b „ (i) ] '/ 2 ] 

□ wittfut^so. 9ic^-rs2i«mji«b' n (i) ©9^,Mi^o 

Sib' n (i) (Omfrb U^tt^VN^^^^tl^*^, d*l&*:5R!J8bTf? , 5 
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S:li:SS^Lfc#^> 3HJtSns««3e<tb / n (i) vn^45^ »J M * 

1~0. 6@^lC|g^LT^e)o 
[0 0 2 7] 

b N a (i) #<DLf*^miz&ytefrbis\\£Wtiiztir-i/>tf 
jvmzjy* v -A2 7 - 1 , .... 2 7 -N<D&fifrt>mmmmi<>>#)i>mfem 

i:UTIifiaS/>sJ?;i/ffi«»3'2JcaH«LTfe§, r (k) tf)2E!@tf> 

IfcySL^ftaHf&SKfcV^ti: (SMff# r* (k) ttgB««PJC|B1iOT*)« 
) , ifa'-^y- F£ffi^T3^*;i/#t5t£??v^ MlzmmyytfJi&mz 
*flt, «naS/>3K^/flB«»3 2^e>, m^^i/>^;i/^!l^ft^«b 1 (i 
) , b N (i) *<D&fr'oL^£.Wfe2tifcisytf}\sm*m&mi'T?- J r* 

*;i/*££f?V^ ^©h^ (q) , a 2 r (k) IZft-tZ 

mt* &^ (mmiyytfjvwife) &#e>„ zomz^^m^vr^mmtyy^jitp 

iz£ymfrbv^£mfezftfei/ytf;im*ffimzsytf)imm%i3 2 icbm^ 
jsdtu i©«na»>»i?^K«W3 2©iam^>^;i/'fB$:^JM-t-<5^ic>r>^ 

U-A2 7-1, ••, 2 7 -N£iiLT^*;i/fg5£#§2 8^\A^f -5 J: 3 IC L 
[0 0 2 8] 

J:9iCtS3 tiz ioT^UigUCJ; U, *;i/«5£<zm^#^4> U 
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%< t <d m m ■& bjc m * « z n & t* # & . 

^ftS (3 2) (Z>»tt 

w n (k) = (MO- (k) H H + a 2 I)" 1 - (34) 

i tt#ffif?w, a 2 «w«ij-e&u, f^*«2iillCMtS. 

G- (k) = E [ ( B (k) - B ' (k) ) • ( B (k) - B ' (k) ) H ] 

= diag [ID (k + Q- 1), ID (k), ZD(k-Q+l)] 

(3 5) 

[0 0 2 9] 



ID (k + q) =diag [ 1 - b ' 2 j (k+q), 1 - b 

) , 1 -b' 2 N (k+q) ] 



, (k + b 

(3 6) 



q = Q - 1 , Q-2, — Q+l, q # 0 

q = 0<Dmt 

ID (k) =diag [1 - b' 2 1 (k) , 1, 1 - b' 2 N (k) ] 

(3 7) 

hJlt£(D 1 lin#S(D%j© (n#@tf>n.--?f &3Tlfflf#t LTV*S) T* 

[0 0 3 0] 
HR9] 



h = 



Hj,(Q-i)N+n 
H2,(Q-l)N+n 

H, 



(38) 



_ M MQ,(Q-l)-N+n_ 
[0 0 3 1] 

o£ »J ti 1*5$ (2 3) OH© (Q- 1 ) • N + n#I0(Z>:£H3^£fc5c 



vm::7^;1/#^ h;u w n (k) (34) ^Sgbt#^5, 



1 8 
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5£ (3 4) \Zmiym%*ft O r bLKte&tf. Z.<D&fi&}<Dm&J&m (Matrix 
Inversion Lemma) fcflJV^ 3. £IC <fc Z> ttfiVg £> B o£U 

5£ (3 6) &t>* (3 7) C9#b' 2 ©SS^Sr^T 1 Mt^il, 

ZD (k+q) =diag [0, 0] =0 (39) 

ZD (k) = diag [0, 1, 0] (40) 

o^y, ZD (k) <Dmm<P<Z>nft n?lJ(!D|li©&*U 7?, fl&<B±T0>3£3lS« 
OilftS. itlP)^ (3 9) , (40) (35) CO G- (k) ( 

3 4 ) &cfSA-f 

w n (k) = ( tx (k) • tx ( k ) H + a 2 I ) _1 • ti (41) 
ta (k) (3 8) T)£S63nfe*>©. 

[0 0 3 2] 

3C0^ (4 1) fefcfU a»^J©»ffif^aiS:3i«"tS 0 3C0M^'JC0«ift£3l 
liA, B& (M, M) (DJEMftFL C £ (M, N) ff#U D & (N, N) COIM 
*T#J£U A=B" 1 +CD" 1 C H T'^StlS^, ACD^f^rjtt 

A -1 =B-BC (D + C H BBC) _1 C H B (42) 

-e^x.£*i£= «(4i) tp<DmfiFmw<omftizz.<Dfemzmm-tz>.£. 

In (k) • h. (k) H +a 2 I =B" 1 + CD" 1 C H 

*i (k) • h (k) H =CD _1 C H , a 2 I = B" 1 , (k) =C 

I =D _1 , (k) H =C H 

^n^m^Ta: (4 2) zftn-ttutt (4 1) *©a»fr?asii*##* 
So (42) tpiz%mn?\m% (d + c h bbo 3© 

3£*r#I % # 9 £ & S ^ £ ra«<z)#£fejc J: y ft * z. £ tfV & Z> . 

[0 0 3 3] 

ftfiz5Lfe J:-) fC^U iML^-v^;i/|t^iCrL- y - FcoJ:e>&i^fif#co# 

fce>?\ ##i/>^;i/©^rj^-fii, #^com^kbVN%co%#i8tfi#£LT/B 
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#2 0 0 1 -2 5"8 1 6 1 



[0 0 3 4] 

m 8 izm^ -v * jv iz <fc u «S^^b 7 f ;i/ # & U Z&mj&^it y-tii* 
iifr (k) »#-/ff>f n^>fif 4 l /sA;£r3*i£££Uc, ^.*;i/#t5t^4 

2/\#«&3*U f**^ig»4 2fliSMfr (k) £|3'Glg|S2 9frb<D=L 

Killer tfjftjesn, -eoit^stifc^ 
^;ncj:y^-^=i^-f-tf4 lp^T'^b^frfen, ^M##r (k) a^is 
ti, =a#Ms^ffcti, «-^-#c' (i) ^ffi^ans^ic, « 

WSttb' (i) ^ffl^jStlSo «ff9)t«b' (i) ti^>j}f J «/^»4 3{CA 

^^©ifm/Mb'. (i) cD^###b£v^Thj^±T*&*ui, 

5£#b * (i) ttSt^tbbVN («ffltt#*vO *©i:UTItfiaS/>3jf^ffi1»SP3 

tfJWD&WfeMb* (i) fcJBV^S. 
[0 0 3 5] 

Z-Tfsjn^j*? 4 1 teMxJffl l fc^o'fegte»#©)»y£L^*;W&i 
#12 8, n— -^r;~ KSB«8IS2 9, Iff 0 v y tfjlsm^B 3 2 & |$ v^3P#T*& 

m7tp<z>%m%Sv&vT%£^ a z:©«-a-t>^; (19) # 

w (k) =E [ y ' (k)y H (k)].E[b(k)-y' (k) ] 

= [HA (k) H + a 2 I ] • ti (43) 
r^tH(« (8) 

ti = [H (Q — 1 ) , -, 3HI (0) ] T 

« ( ) tt^; (5) -e^issnfc*©, a 2 =e [|| v ii 2 ] ($tw©#ifc) 

A (k) =diag [1 -b' 2 (k + Q-1) , 1, 1 -b' 2 ( 
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k -Q+ 1 ) ] 

( ) l:M^^tfft7^Bw (k) ffffl:7^Hw 

[0 0 3 6] 

®9«tx-? (RAKE) 5t«»&MV%fe*|»;agLS«K:|jf|B«fcy5gL^^* 
^ffij£:£$£&jBffil/fcM&aVS-o r (k) SRAKEM1I4 5i: 

-^*;Hft*£#§4 2lCgt*S£*l£ 0 l®Bfct:^*;W§£#g4 2tSif^r ( 
k) £=L--?V-F££Vrv*)lt>mfeZtl. RAKEMaa4 5fti; 

^^$nfe^^^;i/{cj: y*?jfo*i, -d$. yi$ra*r-f rt-i/?-mmtfft£>nT* 

6^ffiij$tl-5 0 ^-^fn-;5f4 6J;tJtff-^c' (i) 
#tf!l5Mb' (i) #£7j£*K fltfflJHtb' (i) l^>>^;iog^#§4 3 

i) tfmmisytfjimm%$3 2izi&mtEtiz> 0 2tiigj^<z>RAKE^fg-#- 

^<7- F©^^^-T; ltria<73M^>^Vi/©^f!f^>fitt;^^^;i/ti^(cfiJM$ti 

o 

[0 0 3 7] 
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^tt§4 i n^mmtjiz* -tf^n- # 4 e^mmztirm^zn. taw? 

-Zc' (i) fcflTOfcfcb' (i) #ffl*3*U IKSUfefflb' (i) 
;i/^f|4 3 fCA#£*U »^&LV^«2RI)t«^|jrlB2/>JK^/flB1t»3 2 &Cf3lg 
StV^o 2 HI 0^60 T**:/^ b-7>ft^-^-^f3-^4 6 

frfrtu i&e©fcLt#H*i5- 
[0 0 3 8] 

fcfc0 8 tca3tt*ar-jtf>f n^>f if 4 1 lifBlfclCaVri:, EI 1 1 A J: e> 
lC«CA:*7«Kffl:fr (S I S O) A Zl?4*f (^b«) 4 1 a h S I S 0^3-^ ( 

4 i b <DW.?mm<Dmi&T°& v , z.nh^t$S4 1 a ^##§4 i bug 

01 1 BlC^fj:^lC, SISOf3-^46aJ:SISOf3-^46b 
o H9, HI 0 #-^3 SlSOfn-^-ottiV^ 

i) £*©8tf05tteb' (i) fcffiijU fOtWtf b' (i) Zt/ytfjlM 
U bVN^^$n^*©tt-e©^^fitS:M0>>>^;i/|B1l^3 2&c*& 

[0 0 3 9] 

01 0 fC^cL£Wc;£^T7#*:/^ :/T U-T >^^M#i4 7 £ 



2 2 
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3-^4 6 h©W&«j»-e^ , r *^JCRAKES'ft«4 5 L T <fc V>„ 3 

RAKE§f^4 5lCfeWS#i/>3jf;i/^®^liiE, RAKE^fiD 

mm^r m (k) (2 0) tf>£i2*<Z> v m (k) ££tfeffi#?*$IWT* 

E [v m (k) • v m (k-q) ] = o 2 : q = O<0«-£, 0 : q#0©#^ 
E [] ttSB^MB, a 2 &#Mt"£&£ 0 

its 7>f;i/#w n (k) (3 4) X\Z7m* w (k) 

5£ (4 3) cfJ©a 2 I ©8P#7?£>S. #1;U« (3 4) © w n (k) its 
w n (k) = ( HE O (k) H H + E [ n. (k) • n H (k) ] ) 

= ( H G- (k) M H + a 2 I) -1 ti 
©iM&i&TffffiSftS. r^T% v m (k) tf^ffco 2 fc^S 
StWfc V^•*>^R^fC <fc y, E [ n (k) • n H (k) ] =a 2 I ttfM^tl 

z> 0 mvmL?-v*;\smm%£2 s (mi)xte4 2 (01 2) fcfcymssns 

h%fc, 1% (3 4) tc-ftAU 7-f;i/* w n (k) #jrffl<*jfts.- 

[0 0 4 0] 

#ctc, $tWv m (k) #&£'f£#*xf£W^fcv^^ E [ 

n (k) • rx H (k) ] = a 2 I Z. fc#T?*fcV^fc«>, w„ (k 

) £|im-tS£&{C, ff^TJE [n (k) • n H (k) ] £ 

in. (k) • n. H (k) ] ^ (22) ©y ( k) = HE • B 
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* 
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(k) + n (k) £ rx (k) = y (k) -HE • B (k) »bt, 
SC-ftAlT Z> £ t & £ „ 
U=E [ n (k) • n H (k) ] 

= E [ ( y (k) - H • B (k) ) • ( y (k) — I-I • B ( 
k) ) H ] 

4\ %mmmz&Vs<V hJl y (k) , ^*;Hg)£iiilCJ; 'JPJH £>#i5£ 
MM \ mmm^izj:*) B (k) tffrJMisjfg^&ifttf, *T?UUJ»raTO& 

U * = S k=Q Tr ( y ( k ) — IHE " ■ B (k) ) • ( y (k) - 
I-i * • B (k) ) H (4 4) 

[0 0 4 1 ] 

*;HB i^^lc, (4 4) 5:fiMbtMt^!IU$:f|^t§ 0 ^tf>#JiR 
5:131 3 (C^-Tc E 1 3 A^^fHff-^-^cZ) 1 7 AfC£tf§ n. - - ^ ? _ Kfc 
ff#^>tf;w&#li:£^U 0i3Bfci@lM©M^t. i0B©#t3I 

-L--*r7-R^ ^<Z>5^*MT»SHi M * &ffi^T;£ (4 4) ICJ:^ 

uzmfe-tZo ^ti^tt^fflui: h: ' $:Mv^T7-^';l/^ w n (k) 

w n (k) = (tt ~ G (k) M' H +U') _1 tx (45) 
[0 0 4 2] 

, llS9i:|HlC#ffi"eM U^Mt^TS. rw^$:^'Jjg 

-trttc^oT, ^u?gb^{c, 5^ * Mt#i#£5£« m - yiEfltfcfcy, 
*fcu<z>#uM#j: UHSifc&y, 7>r;v^w n (k) ©»&#±#»j. 



2 4 
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[0 0 4 3] 

Wb4x£ 0 06JC^J:^tC, MIMOffi^ilJ:^tl.NAffl2- 

#i (k) m%.\z®M&mnm<n^)\s^\r-yfrt>v>m j %) tf&mznzn-t 

■5„ Z.(D££tS; (2 0) tt, 

r m < k > =S q=0 Q_1 ^ n=l N h mn ( q ) ' b n (k-q+1) +i 
(k) + v m (k) (2 0)' 

ZKZ^f^WCfcV^T, i (k) +v m (k) =v' m (k) t-t&hl. 

r m < k > = S q=0 Q_1 ^n=l N h mn <.«) ' b n ( * " * + 1 ) +v 
' m (k) (20)" 

htzz> a v' n (k) xm^v&^m&m^tLT, ^ic^tj; 

e> tc i-i nrnfes jgicu©^*^, w n (k) ^mm^nmit 

[0 0 4 4] 

(2) m^my^c jvzzm^tcmmisxT&izis^T, ^mm^izMh, vy 
^y^jv^tir^mmmz^tti^m^^miz^mtimx, ^mm^^o^m^ 

Z&&ftXi?xm^£fr&~tZ.ttfT*g&^ a (20) }C£^T, 

E[v m (k) - v m (k-q)]=a 2 : q = 0 0 : q*0« 

E [ n (k) • n H (k) ] = a 2 I 
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/ 

[0 0 4 5] 

(M : i isytfiimm. 2 3 
, £A,T% 3 o i/>^;i/51Mii#^t-^^©3 o i/ytf)immort & 

#f-£i:3::£#«rfgT*&3,, o£ y 3©^«?&J&#£iirjfE (l) ©Wc;j3tt£ 
WfS# i (k) ^LTme)3i:T^51MM5rl^*'r-5ri:^T^-g> 0 

_ti& L £ 6 * V * tl £ ^fg<fg # fC *f •? & MM & V ^ 

* -#$:mjjmicibmmx*%. wastes/ if, v^^n-if 

t^SM. JEtC— IgtcEJ 1 2{C^L^^UMb«-^{CJ3^-S5 1 ^^;i'm^§|4 2 

* ;i/jt^ ^ Pkftm? w t <Dmfeiz mm t ^ s 0 ^jsrake gmcnm 

[0 0 4 6] 

jgtCgll 3T'lift^l/PJH ^^M^JUtf), 2USJ^^©m^iC5S^ 

K<D^£#^9#£t-£«^{C=b:£ (4 4) $:flJMLT^m^JU(Dm 

I ^M^^^lCPS^-ru^Df a 2 I fcfflV^ - £&< H SrMVNTff oT 
V^„ 

[0 0 4 7] 
[5§B^®^] 

jw±M^fe<fcc){cr©miig0^fcj;ti«, #A^#m^7 (mi mo) ^mism 

^--if (i£fgii) $cn 2 



2 6 
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1 
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" . y 

1 7 \s-J±\%<DmWti/ytfJl$C 4 5 0 tf>y h 

1 7 U-2±ft<Z)=L — -V V- KISSJC 2 5\Zyh 

^•V*;i/*£)t& RLS (^^acO. 9 9) 

Ky^JSiftK 1 0 0 0 Hz (l/>fU-7x-J?>^) 

^l?:^ BPSK 

eSI5SS 2 OMb p s 

^##£24 Max-Log-Mapfn-^f 
Mfcy&UR 4EI 

o 

[0 0 4 8] 

mry^i-mM=2. Raylegh;U|!cQ=5©i^t^e„ Jft»JjgLlia 

titc j: »; r <z>*&t»<&M 1 Mom* -#&mi3m*M-WKmft't& r^ws. 

/N Q =4 d (E b til , Th = 1. Otilo^i/ 

©»y«L&JIIW:4>fcv\, L£wj®Th = 0tt\ «¥ffje«S:-€-<J!>**^aJfflV^* 

ipt ^y. r cd <fc e> izmm y y mw&mfeM&mm -r^n m& km* * 

£#3l8?$*l&o H&CL£V\<fiiT h= 0. 2 — 0. 6ilT'»Th = 
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[0 0 4 9] 

EI 5 ic, b g v ^>fia jc j; y fit ^ £ L v %i£f§ >> > £ ^ * (c ffl 

J&gUllC^^ r<Z)l§1§}-<Z)b£V^&0. 2 5iC|g^L, *g*J*»yigL4|gffe 
tf)#ffiT*&*J, N=2, M = 2, Q=5Raylegh, f d T s =1/2 0 0 

oo, 9 0 0i/>^;i//7b-^t^s. it^©^^*;^^^^^ 
[0 0 5 0] 

(£fg$S) IfcN 3 in.-*?*K%\=?W : i (k) 

HIUfTIE^ 1/-M/2, ffcJ3fc:R3ft#&^# 

K^^^-MMtfc 1 0 0 0 H z 

^g?^ B P S K 

fc^iM 2 0Mbps 

M24 Log-MAPf3-^ 

^Uigbi5( 4tm 



2 8 
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#2 00 1-2 5 8 1 6 1 

3 n-if c&mmi te^mjjthtz.. mi 4ic0i 3&c^l£h, uzmfe-t 
Tfc*0>&jii#«fc^#&ftTv^v*#, 0 i 4 -etinyigbjc j: y b e r# 

4$©fa±#3t/£3*U Ef-E b/NoKltfU BER#01 5 JcyfcoT 

3 © 18*9! $ ti 3 M I M O # - tKjU^M is X t A (Z)Htg«^ £ ^1- 0. 
[02] 

Cl©»WCfe»tS»y3gL^^*^/«I^S:Si9l"r-5fc«>CD7U-A«^0. 
[03] 

jftfefciKJtU E b (bfy M*A/^-) : 2^-^N 0 l«fx^;i/^-) 

o 

[04] 

LSvHB (Th) S:IEfl:S^:"C»y3gL^^*^«l^&ffofe«^©asya|S4# 
[05] 

[06] 

MIMOi/XfA©«^^t@ 0 
[07] 

[08] 

[09] 



ttHE#2 002-3006677 



# 2 0 0 1 — 258161 



R A K E Sfll- * - »J b Srfr e> .SftffCflf&wtH. 

[010] 

[011] 

# - aK >f =i 5 -Y if # - sKf 2 =r - #V>W& Zm? 0„ 
[012] 

[013] 

[014] 
[015] 
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[01] 



mm 



S1 £1Stil 



11-1 



12-1 



n 



43-1 



bi(k), 



SN 



c N (0- 







n 


— ► 





-kb N (kK 




r(k) 



MIMO 



31 




am 



24-1 



A^MO] 25-1^,26-1 



22-N Ai[b N (k)] A^b^i)] 



TT-1 



23-N 



28 



H 



A. 



24-N 



m<omu 



29 



5 



27-N 



32 











sBISSB 






* — 



TT 



n 



27-1 



^cV(i) 
b A i(i) 



n 



A 2 lbi(k)] 



A 2 [b N (i)] 



+ 

•*c N '(i) 
b A N (i) 




2 
TT 



26-N 

7 



A 2 (b N (k)] 
25-N 



..j 



MIMO§11§§ 
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[02] 



B 



mm 



mm 



2©S H- 



WJE H 



n(g]g H ►+« ; -H 



m2 
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[03] 



h 

m 



10' 1 



io- 2 



^ 10-3 



10 -4 



IO" 5 



10 -6 







^^^^^^ 
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\ 
















X - 










\ 


V 



Q=5 Raylegh 







-O- 2 




-<y- 3 




— 4 





\ 



900 symbols/frame 



12 3 4 
¥■ m Eb/No(dB) 
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10- 1 



t 10-2 

h 

IK 
<0 



r-O 



6^ mmu2mm 



io- 3 



10- 4 







Eb/No=4dB 



4 



J. 



// 

i/ / 



V 



N=2, M=2 
Q=5 Raylegh 



0.2 0.4 0.6 
Th 



0.8 



MA 



4 
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[06] 



S1 





=• C3 

oout 1 



•o out N 



^6 



ffi|E#2 0 0 2 - 



3 0 0 6 6 7 7 
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[07] 
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[08] 



r(k) 



41 



[09] 



-c'(i) 



42 



7 



43 



b'(i) 



29 



32 



r(k) 



45 



RAKES 



I 



Z 



46 



c'(i) 



43 



b'(i) 



29 



7 

32 



mil#2 0 0 2- 



3 0 0 6 6 7 7 
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[010] 



r(k) 



47 



Sfi§§ 




□31^ SB 



mo 
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[011] 



B 



X13 



CHI 2] 
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41 ^-TK-f D^-T+f 



siso-rzj^-f-^ 

77 



SISO^Z)-^ 

p 



41a 



41b 



46 <9-m5==]-^ 



ftBMltfB 



SISO^Zl-^ 
7> 



SISO^Z)-^ 
77 



46a 



46b 



n 1 



r(k) 



41 



'C(i) 



42 



7 



43 



b'(i) 



29 



§u(°]^>7tf 1/ 



3.——O r D— )r 

sBISSB 



32 



112 
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A p— g 



B 

mm h — H*- 



El/VCHJf 5g : H 



@h. mmm%^mi\x^i(44)iz<^io. umm 
mm.m&m\,\xmi& mm 



h 4 

1 n ——r> K 



* * * 



& > | <-> | «->K-»K- 




mmm^m^xmit. mm 



113 
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mm] 

[#m3M£] MlCffffr, (m= 1 , M) SE^I^fC J: U , & 
^IS&'O^Vl/^^^h^ (q) (^-IfffcN, n=l, N) , h 

mn (q) S:S*fct5MXNfjJ!fH (q) , M (q) £HS!!£ir£QX 
QlT^H^S) (Qte^f§M©v;b^A°X<Z>t$:, q = l, Q) , 
2 [b n (k) ] {C^y^^b' n (k) B ' (k) = [ b ' ( 

k + Q-1) - t> ' (k) - t> ' (k-Q+1) ] T q = Q-l--Q+l 
q*0T% \> ' (k+q) = [b' 1 (k+q)-b' N (k+q)] T ,q 
= 0t% fc> ' (k) = [b' x ( k ) ••• 0 ••• b ' jj (k) ] T ^ M 
•B' (k) £3fc&, Mb y (k) jfr&SfS*, y' (k) 

Z&Sb, y (k) i: H &«^tS«2iiilit y ' (k)c£©^ 
^t^^B^^, n#B(Z)n-ifjc^-r^ii^7^;i/^ w n (k) 
, y' (k) few (k) lzMLT=FW?&3kZtir=.=r-V ! nfr<b(D%:mm^£ 

mmm] m i 
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